Abstract. With the advent of the new complex optical system, alignment technology is necessary. In this paper, is presented an alignment algorithm whose main idea is composed of damped least square method and singular value decomposition method. In addition, the how and why to enter the damped factor into algorithm is explained. According to this algorithm, an alignment software package was compiled and compared self-compiled software with alignment package of CODE V. Results show that, this self-compiled software is much more valid than alignment package of CODE V. For a field of view of 2° R-C system, average MTF over the field of view was greater than 0.3 at 50 line pairs /mm.
Three-mirror off-axis aspherical optical design layout
The misalignment means the displacement between the assembling position and the ideal position of the components and it introduces the aberrations and makes the image quality descend. The main aim of computer-aided alignment is in order to find the misalignment value for misaligned optical system. Relations is established between the misalignment and aberrations of optical system. As follows: 
F ∆ is an m n × matrix, it presents the aberration of the exit-pupil wavefront of misalignment optical system. X ∆ is the misalignment value and A is sensitive matrix which can be obtained by optical design data.
X ∆ is the value of misalignment of optical system in Equation (1) .In fact, the value of m is not usually equal to the value of n ,and maybe m n ≥ or n m < .For misalignment of optical system, more aberration would be considered, and usually m n > . The value of X ∆ could be obtained by the damper least square method.
Establishing an estimating function ( ) X ψ ∆ . the lower the value of ψ , the better the image quality. 
where I is the identity matrix. Equation (4) has a common solution, see (5), 2 1
(5) By means of the singular value decomposing method, Equation (5) changes equation (6),
where
Michael R.Descour and Mark R.Willer tell us that "Misalignment modes associated with lower singular values" [6] , which could explain why the damper is added in the equation (6) .
Software interface of the computer-aided alignment is compiled, see 
Numerical Simulation
Simulating of optical system data is from the O_008.zmx of ZEBASE [7] . Its sensitivity matrix is calculated , see Table 1 and Fig. 1 . In Table 1 , Value of the three fields is only calculated in the sensitivity matrix including: on-axis (0,1) and-0.7 field (-0.35,1) and 0.7 field (0.35,1) . For a wide field of view of three-mirror optical system, numerical simulation has been performed to verify the ability and accuracy of the alignment software used to determine the misalignment. The misalignment is given artificially and the wavefront errors are calculated by the optical design software such as Zemax. Self-compiled software is better than alignment package of CODE V with the same condition with 10 compensators. For Code V, the method "Fringe Zernike coefficients" is used to calculate misalignment of optical system [8] . Table 1 The sensitivity matrix of the three-mirror optical system According to the primary aberration theory, there are ten compensators for the misalignment optical system. The decenter and the space unit are mm. The tilt unit is degree.
The misalignment parameters were as follows: T T -Tilt in x, y axis for tertiary mirror. ms D -Space error between the primary mirror and the secondary mirror. st D -is space error between the secondary mirror and the tertiary mirror.
The column of Table 1 is the primary aberration of the optical system, including astigmatism, coma and spherical aberration for different fields. means respectively the coma of x axis , y axis of 0.7 field. 9 (0.7) Z means the spherical aberration of 0.7 field. CODE V is the excellent optical design software, which includes the alignment software package. For obtaining the correct result, the number of compensators would be chosen for the
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same. And using the same method-the aberrations of the exit pupil with Zernike polynomials is input into the alignment software; the value of misalignment is obtained. In simulation, compare the value of misalignment using the alignment package of CODE V and self-compiled software. see Table 2 . The first row of Fig. 3 . and see Fig.4-Fig 6. In those figures, "GOAL" means the goal value of alignment, "START" means the start value of alignment, "FINAL" means the final value of alignment. Self-Compiled software is better than the alignment package of CODE V form those Figures. Table 2 Comparison of the result of misalignment of the alignment package COVE V and selfcompiled software packages with same compensation. 
First, we aligned the optical system by experience only to on-axis field. Then by means of interferometer, we collected the interferograms of different fields and calculated the primary aberration with Zernike coefficient. This datum was used as input of the alignment software. We successfully aligned a large aperture, long focal length, off-axis optical system used a methodGradual Aberration Optimization in only 10 days [9] . In theory, once the misalignments are determined, to assemble the system to ideal is only a single step. But due to the system errors and adjusting mechanical error, for successful alignment it is necessary to repeat this process several times to obtain good result. A wide field of view on-axis optical system has been aligned, see Fig. 7 , Fig. 7 layout of a wide field of view optical system
The following are interferograms of three different fields taken several times. See Fig. 8-Fig. 9 . Fig. 8 the interferograms which extensive alignment is achieved Fig. 9 Interferograms for the final alignment And MTF of all fields meet the design demand and greaten than 0.3@50lp/mm.
Conclusion
The alignment procedure of complex optical system especially three-mirror optical system has been developed to achieve alignment by interferometer and self-compiled software. Self-compiled software is muchmore valid than the alignment package of CODE V whether for the simulating and practical alignment or for optical system. In fact, there is much noise in optical system such as air disturbance and quiver, which would make alignment result inaccurate. Changes in the environment of lab and make its influence small.
